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linked to the cell surface via GPI anchors and serve as co-receptors for
ligands of several signalling pathways during development. Notum, a
secreted alpha/beta hydrolase, was found to antagonize the signalling
of the prototypical Drosophila Wnt, Wingless, by shedding glypicans
from the cell surface. Biochemical work demonstrated that a
mammalian Notum homologue could induce the release of glypicans
by GPI cleavage. In zebrafish, we found three notum genes. One
homologue, nom1a, is most closely related to mammalian Notum
with respect to protein identity and genomic synteny. The expression
of nom1a is dynamic and regulated by Wnt/Beta-Catenin signalling.
Overexpression of nom1a at multiple stages of development causes
changes in gene expression consistent with Wnt/Beta-Catenin
inhibition. Additionally, nom1a expression rescues phenotypes
induced by Wnt1 and Wnt8 overexpression, while loss of Nom1a
enhances these phenotypes. Using loss and gain of function studies,
we have shown that Nom1a is required for the proper patterning of
the dorsal neural tube. We have found no evidence that Nom1a
inhibits the function of Glypican 4 in Wnt/PCP signalling. In contrast,
Glypican 3 is a likely target of Nom1a, as alterations of Gpc3 levels
alter the severity of Nom1a-overexpression phenotypes. Our analyses
suggest that Nom1a has a surprisingly limited set of targets, and we
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Sulfation of macromolecules modulates a number of cellular
processes including growth factor signaling. The universal sulfate
donor in the cell, PAPS, is synthesized by two isoenzymes, PAPSS1
and PAPSS2. PAPSS1 is the predominant isoenzyme expressed in the
developing brain. To determine the importance of sulfation during
normal brain development, we designed a Cre-mediated, tissue
specific RNAi mouse model and generated PAPSS1 brain specific
knockdown mice. These mice demonstrate a reduction in PAPPS1
protein and reduced enzymatic activity over control littermates
indicating successful in vivo knockdown of PAPSS1. Furthermore,
immunostaining for heparan and chondroitin sulfate reveals de-
creased proteoglycan sulfation. PAPSS1 knockdown mice have
microcephaly, with reduced brain size apparent by E14.5 and
persisting into adulthood (21.7% volume reduction by MRI). TUNEL
and cleaved caspase-3 staining demonstrate that the reduction in
cortical size is due to a window of cell death between E10.5 and
E12.5. During this period, there is a decrease in β-catenin and an
increase in oxidative stress markers. Western blots of E12.5 cortical
brain lysates show reduced activated β-catenin suggesting a
decrease in Wnt signaling. Interestingly, the window of cell death
is followed by a period of proliferation as determined by a greater
percentage of BrdU+ and Ki67+ cells. Consistent with this, there is
an increase in the level of phosphorylated ERK, an indicator of FGF
signaling, in E14.5 and E15.5 brain lysates. These changes in cell
signaling pathways in vivo are correlated with changes observed in
neuronal stem cell cultures. In sum, this study illustrates the
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Glycosaminoglycans (GAGs) play a central role in embryonic
development by regulating the movement and signaling of
morphogens. We have previously demonstrated that GAGs are the
co-receptors for Fgf10 signaling in lacrimal gland epithelium, but
their function in Fgf10-producing periocular mesenchyme is still
poorly understood. In this study, we have generated a mesenchymal
ablation of UDP-glucose dehydrogenase (Ugdh), an essential
biosynthetic enzyme for GAGs. Although Fgf10 is expressed
normally in the Ugdh mutant mesenchyme, it fails to elicit FGF
signaling response or budding morphogenesis in the perspective
lacrimal gland epithelium. This is confirmed in explant culture,
where the mesenchymal Ugdh deletion also prevents FGF10-
absorbed beads from inducing lacrimal gland budding. In contrast,
the Ugdh mutant phenotype can be rescued by constitutive Ras
activation in the lacrimal gland epithelium but not in the
mesenchyme. Previous studies have indicated that reducing GAGs-
FGF binding leads to increased FGF diffusion and ectopic FGF signaling
activation, while our data show that eliminating GAGs–FGF interaction
in mesenchyme abolishes FGF signaling. Taken together, these results
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Heparan sulfate proteoglycans (HSPGs) are heavily glycosylated
extracellular or membrane-associated proteins, with sulfated do-
mains that can bind to many growth factors, modifying their activity
or diffusion. The pattern of HSPG sulfation can be modified by
extracellular sulfatases, which remove specific sulfates from the
heparan sulfate chains. We have examined the role of two 6-O-
endosulfatases (sulf1 and sulf2) during organogenesis of zebrafish
embryos. We generated anti-sense morpholino oligonucleotides to
the translation start site and to a splice junction for both sulf1 and
sulf2, and injected these into embryos at the 1–4 cell stage. In sulf1
morphants, fish had moderate trunk muscle defects that produced
U-shaped somites and abnormal muscle fibers, hydrocephalus over
the hindbrain, microophthalmia, lack of pectoral fin development,
malformation of the ear, and improper migration of the lateral line.
These phenotypes correlate well with expression of sulf1 mRNA in
somites, ear and developing neural tube. sulf2 morphants showed
midbrain hydrocephalus, but had normal ear and somite development.
Fish injected with both sulf1 and sulf2 morpholinos had extensive
hydrocephalus over both the midbrain and hindbrain, as well as the
effects seen in the individual morphants. In situ hybridization of
downstream target probes for Wnt, FGF and hedgehog signaling
showed that knocking down sulfatase expression modulated FGF and
hedgehog signaling in the developing nervous system and somites,
while Wnt signaling appeared to be normal. These results suggest
that sulfatases play an essential role in precisely regulating the
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